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MEMORANDUM FOR THE RECORD

SUBJECT: Visit with Elizabeth Fong, Mational Bureau of Standards

1. On 10 October 1979, [visited Mrs. Elizabeth

S-I-'A\TII\ITIF'ong of the Network ArchitectJre Group, Institute of Information and

Computer Sciences, Mational Bureau of Standards, Gaithersburg, Maryland.

The objective of the visit was to identify methodology for measuring

data base management system resource demands from computer complexes.

She had done some work on internal contract to the FAA in late 1974

and early 1975 dealing with the DBMS/Resource Utilization issue from an

experimantal viewpoint. ‘

2. The result of the visit with respect to the objective was
that no such resource demand measure currently exists in her experience.
She gave me a copy of the paper that she published on the subject. It
is Attachment 1. She suggested contact with FEDSIM, Dr. Dennis Conti
at NBS, and with De Lutis (late of Ohio State University, now with
his own firm here in Washington working with the Social Security
Administration).

3. Her current interest is a pilot system for access to a
heterogeneous collection of Data Bases available through heterogeneous
DBMS on hetereogeneous mainframes connected to a network. It is the
pardigmatic Distributed Data Base. Her current paper is attached-
Attachment 2.

STATI
Attachments:
As stated
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A BINCHMARK TEST APPROACH FOR GENERALI

. Elizabeth
Systens
Institute for Co

Mayfower Hotel, Washiyton DC

SED DATA BASE SOFTWARE®

Fong

and Software Division
Truter Sciences and Technology

National Bureau of Standards
Washington, D. C. 20234

ABSTRACT

A benchcark test 8pproach for generalized data
base sofivare {s described. Although the benchmark
test has been designed to experiment on one specific
data base Banagedent system, the Bpproach is rather
general and applicable to many data base menagement
Systems that are currently available. The benchmark
a test data base
and the specification of 8 set of processing trans-

test consists of the specification of

actions to exercise the ceandidate software on the test
data base. This benchmark test can be used both to
Deasure the performance of a data base managenent
systen, azd as a saturation test. The tvo parameters
to be used in the saturation test gre data base gize and

workload. The data base size is varied by increasing

The
vorkload is variea analytically via a Queueing model.

the number of records within the test data base.

INTRODUCTION

Toe vork described in this paper is part of a
Project to design and develop a benchmark test for
generalized Date Sase Managenent Software (DBEMS).
Generalized DES in our context is the class of systems
that provides for:

operations oo data such as data definitien,
date storage, data maintenance, data retrieval
and dsta output,

reference to dat

8 by name and not by physical
location,

® an eavironment that is independent of a

. particular set of applieation Progrens or files.
These DRMS systens provide a single flexible facility
for accaxddating different data files and operations
while dezanding less pProgramuing effort than a cone
ventional Prograzming language, ©.8., COBOL. These
advanteges n.u-e gained with potential risk of excessive
softvare overhead and concomitant unsatisfactory per-
formance. Substantial funds are repeatedly devoted to
conparative analyses of DRMS. Hovever, the attempt to
deternine whether candidate 'aoﬁ.va.re has acceptable
quality and performance cannot be defini-
tively enswered,

" functional
In particular, DRNY. managers are
concerned with the lack of methodology for determining
vhether present softwars vill hold up under the Stress
of exranding data bases and inquiry worklcads. A =
Sirmple, denchoark test package that is relatively
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and representa-
tive of data base functions and applications is sironge
1y needed. )

general, portable across DRMS systenms,

This paper descri_bed the design of such a bench-
mark test package. A specific inplementation of this
general benchmark .t.est. nppx;oach is being performed for
& selected DBMS,

The primary objective of this tool is to provide
uniformity in data base testing., 1In particular, systenm
tests are constructed vhich demonstrate the effective-
ness of a DBMS system with groving file sizes gnd
Processing loads. The method developed can be used

Tor
comparing the pe:tcrﬁa.u:e ol different data base manage-

ment softvare as an aid in system selection.
TEE _APPROACH
== ATTR0ACH

In scientific computas
mark tests are typically epecified as ipstruction mixes,
procedural program zixes, etc.

ion, system loads for benche

However, these are not
quite appropriate for the benchmarking of DBMS. Also,
the typical analytical studies of
performance tend to simylate essentially single record

file organization

accesses and do not bear relevance to resl life DRMS
operations.

The principal cowponents of this benchmark test
approach involve the develop::nt'of A transferable tes:
data base and a set of Process transactions to exercise
the candidate softvare. The transections are primitive
data handling functions such as retrieval with condi-
tions, nev date eatry, etc. For the test on the select-
ed system, eight of these functions are defined., The
data elements and their values required for the test
transactions are carefully chosen so that the results
are known,

The test environment is kept as simple as possible.
The DBMS and its hardware irterfece are assumed to be
typicel of an intended installation. Since this beneh-
mark test involves on-line tizing messurements, the
dbenchmark runs are. ccnducted on the system with the
comunication system intact.

The paramcters to be varied are:

perfoma‘.nce of DBMS vith
data base size;

respect to growing

*This work has been supported by the Federal Aviation
Adninistration under Interagency Agresment No. DOT-
FATUWAI-LTL,
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performance of DBMS with respect to increasing .
vorkloads. wvill not be directly referenced in the benchmark test-

Data base size is varied by changing the number of ing.

recordas within the test data base. Individual test The gumber of records vithin the main file is

transactions are exscuted and the timing measurement contrclled. For the selected systes implezentation,

taken. Then the dats base size is changed and the the numbers of records in the test data base are 25,000,
same transactions are executed again. The tizing 50,000, 100,000, 200,000 and 50C,0200.

deasurement is recorded in each size iteration. Construction of the test data base involves the

The increasing vorkload parameters are obtained following steps:
analytically, since it is difficult to achieve a rmulti- 1. 'Define the attribute names discussed above.
terminal concurrency environment without having a
softvare package such as a terminal environment simulator.
The test provides an empirical measurement of the

Tnese
must, of course, be in the class of data characteristics
supported by the candidate DBMS.

2. Define the data elements in the data definition
j:nd.lvidua.l response time for a single terminal input. language of the candidate DES.
These measurements are inputs to a queueing model.
The empirical data are extrepolated by the model to
predict hov response time will vary as the number of
teraminals is increased.

3. Generate test data and merge it vith an existing
date bese. If an existing data base is notused, write
a apecial computer program to generate values for the
Tecords. Test data generators are cozzercially avajil-
The overall response time for a given process able for taat purpose.
(call it 'I‘R) 18 expressed ‘as TR= ’I‘c + TP + W, where
Tc is the communications delay, TP is the processing
time and W is t‘he estimated vait time. The W, which
is the waiting time in the queue, is odtained through
‘an analytic model as a function of increasing number
of active terminals.
GENERATION OF A TEST DATA 3ASE

In order to test a particular TBMS, a date base

must be constructed for it. The basic building block

*in the construction of a test data base is the attri-

4. load the test data base for use ty the candidate
DBMS.

The preparation of the data base is the major
component of the benchmark test process. The crucial
part of this test deta base is the ldeztifiable logical

date element attributes. It is these data elezent

attridbutes vith assigned values, tkat participate in
the execution of test transactions. The advantazes of
this test data base are that an existizg data base can
be used with a subset containing those identifiadblie
logical data elemen: sttridutes.
TEST TRANSACTIC:S
The benchmark prograns represent the primitive

bute of the data element. -The collection of data ele-~
ment attributes forms the structure of a record. Only
the logiral record structure needs to be considered,

because it is defined through the candidate DBMS using

functions of any data bese managezent system. The
the data definition language.

procedure specifications expressed in "near-Znglish”
Instead of genersting e totally fictitious data style are translated into specific D2MS self-contained
language. For the specific selected DRMS experiment,

eight test transactions are defined. The amount of

base, s "live" dsta base is used with a subset of the
data elements identified. These deta elements, with
knovn values randomly distributed within the "live"

checking and the type of error messages are all speci-
data base, participate in the test transactions. The

fied. To avoid lengthy detail specification here, only

Test of the data elements are not "rs"nced in the the functional descriptions of the eight test trans-
test transactions. - : .
actions are given belov:

The data elements are identified by their attri- TEST 1 - On-line data entry function. This test trans-
butes. The attridbutes are variocus combinations of the iovolves (a) the display of & screen tezplate without

data values, (b) the filling of the screen by an opera-
tor, (c) the validation of entered data, and (d) the

folloving individual data characteristics: type,
length, key, unique, required, linked, grouped, and
optionally hierarchical level. The total combination

placing of the validated data into a record of the main
Of these data charscteristics makes up the "data ele- file 30 that it can be retrieved.
ment attribute”. TEST 2 - On-line data update function involving modlfi-
The test dats base is the existing data base plus cation of an existing data element with l nev value of
those specific test data element attributes identified. the same length and type.
These test data element ettributes will have predeter- TEST 3 - On-line data update function involving delction
nined data content. The data content of the remaining of a whole record in the secondary file and aszociated
fields in the records and all other non-test records
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dats element entries in the main file.

TEST & - On-line data retrieval involving counting the
pumber of occurrences of a named data element naving a
specified value. A named data elemeft having & compara-

tive relationship such as equal to, greater than

etc. with a specified value i3 called a triplet, The
data element attribute must possess the following ’
characteristics:

length = den't care, key = yes, unique = no, required =

type = either alphanureric or mumeric,

yes, linked = don't care, grouped = no, and hierarchi-

cal level = firat level. )

TEST 5 - On-line data retrieval with st least two

triplets combined with and "AND" logical connective,

The data
element attribute for the first triplet and the second
are specified as in TEST 4. . '
TEST 6 - On-line data retrieval involving two files
(1.e., one triplet is to be defined in snother Tile)
and & printout of at least four data elements in the
first file.
as in TEST L.
TEST T - On-line retrieval command entry but deferred
for off-line printing. For this test, timing is initi-
sted vhen the request is entered on the terminal. Tim-
ing is terminated vhen the output is formatted ready to

" print, but not actually printed out. The output should
contain & title, & column beading and variations on

and a listing of at least four data elements.

Both data element attributes are indicated

single and double spacings.
TEST 8 - A request containing a retrieval function with
an erithmetic add function to be predefined with at
least three parameters. Catalog this request and in-
voke it vith actusl parameters. Timing should start
vheo the predefined request is being invoked ty sctual
parameters. .

A data base of proper size must be defined, created,
and loaded prior to running these benchmark test transe
actions.

assure runability.

The test transactions must be debugged to

To insure the validity of the re-
sults, the camputer configurations must remain constant
betveen tests. ’

For the selected DEMS experiment, four sets of in-
put data values are defined to be used for the execu-
tion of these eight test transactions. The mean value
of the test results is then used to disccunt the effect

of record positions on the'ws storage device,

PROJECTION CF TEST RESULTS

The response time measured is the individual
response time to execute an individual test transaction
from a single terminal with no other jobs in the comput-
er. Response time is measured from the point at which
the request is entered on the screen to the point at
vhich the'response is received on the screen. The

elease 2002/07/03 : CIA-RDP83M00.Q000600070011-3

operator’'s time for typing in the requests is excludeq,
Processing time and the eomunica.ticns delay is inclu4.
ed, .

For the selected DEMS experimesnt, the tizming ceas.
urements of these individual test transactions are re.
corded on a specially designed form. The measurerents
teken are as follows: for a fixed file size, each of -
eight test transactions is executed individually with
four differeat sets of paraceter values to obtain an
average response tice. These response times are then
combined to.obtain a mean response tine TR.

TR is the total overall response time for a fixsi
file size, with one terminal.

the file size is increased.

For the next iteration,
The data is reinitislizez,
and the eight test transactions are executed again wiiz
the seme sets of parameter values. Thus another 7, for
8 larger file size is cbtained. This is repeated -!:Xve
times for files of 25,000, 50,000, 100,0C0, 200,00C and
500,000 records.

Finally a single queue, single server, first-coze,
first-serve model is used to extrapolate response tizes
for increasing number of terminals. This model descrin-
tion is the subject of another paper. Ultimately, the
benchmark results project performence guidelines {n tXe
form of engineering graphs as suggested by the follov-

ing figure:

500,000
200,000
100,000
50,000
25,000

records
records
records
records

records

2 B

Number of Terminals

SUMMARY

Interest in developing a uniform benchmark test
methodology for generalized data base softvare has
grovn substantially, as a result of the proliferation
of DBMS and the complex probles of evaluation and
selection for a gliven aprlication. This paper describdes
an spproach for uniformly benchmark testing a DEMS.

The benchmark test package consists of a carefully
controlled quality sanmple data base plus a set of
processing transactions representing the range of
processing. requirements in user espplication environ-
ment. Perforzmance comparisons are made by executing
The

speed of execution of eech transsciion will provide a

these transections on various cor=ercial systems.
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unit measurement for a known file s{ze for a specific
system. .The response times measured can be used {n
three wvays: t‘he measurement data can be evaluated to
assess the relative strengths and veaknesses of each
DBMS. For instance, system "A" is faster, in retrieval
vhile system "B" is faster {n updating. The second
use is to compare the execution speed across variocus
commercial systems along the common set of test condi-
tions, e.g., same size data dase, same test transaction
specifications. The third use of the measured response '
time is as input to an analytical model which extra-
polates system performance as vorkloads are increased.
This will yield a saturation point for the candidate
DBEM3 vith respect to growth potential.

A case study using this approach is being izple~
mented for a selected data base management system to
prove feasibility. Results will be available in the
future.

Clearly, this simple test package does not measure
several important aspects of DBMS, e.g., resource '
ut{lization, adaptability %o change,ease of use, etc.
However, the existence of such a set of Government-
vide .test ‘routines, not nov available, will permit
agencies to directly compare the relative strengths
and wveaknesses of commercial software, without redevel-

oping the needed tests.
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XNDM: ANEXPERIMENTALNETWORK DATA MANAGER

Stephen R. Kimbleton
Pearl S.-C. Wang
and
Elizabeth N. Fong

National Bureau of Stancards
Washington, D.C. 20234

ABSTRACT

Data base access is increasingly important in a networking
environment. Two alternative approaches can te identified: i)
implementation of distributed databases presenting th2 user with
one logical database impiemented across a collection of computers
or, alternatively, i) development of = network data managers
providing a uniform user and program viewpoint across:
heterogenous DBMSs. While the first approach is the most
natural extension of the ccncept of an individual DBMS, its
utilization imposes certain requirements inciuding the necessity
for converting existing OBMSs if their data is to be supperted in
the distributed envircnment. The second approach minimizes or
eliminates conversion prcbiems: however, it has not yet been
shown feasible. This pager describes an ongoing research project
concerned with establishing the feasibility. issues, alternatives,
and a technical z2pproach for supporting a network data manager.
Aithough implementation has notl been completed, the initial
evidence is positive and suggests that network data managers
may well prove either an acceptable alternativer or useful
. intermediate stage to a distributed database.

1. INTRODUCTION

Computer networks support the sharing of remote programs and data. The gradual
maturation of networking technology, as measured by the increasingly sophisticated
protocols and apglications being implemented [ARPAN 78], [INWG 77], has resulted in
increasing demands for supporting remote access to data.

This work is a contribution of the National Bureau’ of Standards and is nct subject to copyright. Partial
tunding far ‘he preparatton cf this paper vas crovided Ly ‘he .C. Air Force Rome Air Ceveicpment Canter
(RADC) under Contract No. F 30802.77-0C68. Certain " commerciai products are idenufied n lnis paper in
order to™adegquately specity the pracedures teing described. In no  case does such identification imply
recommendation or engorsement by the Naucnal Bureau cf Standards, nor does it imply inat the material
identified is necessarily the best for the purgose.

To appear in: Proceedings of the 4th Berkeley workshop on Distributed
Database Management
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An individual user, interacting with a remote databdase management system (DBMS),
issues queries and updates in the data manipulation language (OML) used by the system
and receives data  in response. Because of differences in: i) the data model used in
constructing DBMS supported data structures, i) the functionality provided by the
software even if the underlying data models are the same, i) data structure, e.g. data
. base semantic differences which are aiso likely even if the same underiying data model is
employed, iv) DML differences, and v) computer system differences, the user wishing to.
access multiple remote databases is faced with a substantial tearning burden.

This paper argues that this learning burden can be substantially offloaded from the
user. Accomplishing this requires a network data manager -providing a uniform user
viewpoint across multiple remcte heterogeneous DBMSs. The feasibility of this approach
is being explored through constructing an Experimental Network Data Manager (XNDM)
at the National Bureau of Standards.

The basic assumption underlying the design of XNOM is heterogeneity of data
models, data structures, DEMSs, DMLs. and computer systems on which -these D8MSs
reside. Superimposing a uniform user viewpoint in such an environment clearly
requires a substantial amount of software and may be a significant source of
delay in processing user requests. :

To explore this issue, recall that information processing requirements can be divided
into  three categories [ANTHR 65]. operational control, managerial _control and
strategic planning. As one passes from cperational control to strategic planning, the
bandwidth of the application decreases as does its predictability. Intuitively, we
believe that netwerk data managers are inappropriate for operational controf, highly
appropriate for strategic planning, and may be of help in managerial control.  For
example, handling inventory out-of-stock conditions could be simplified through a means
for querying remote DBMSs to determine an alternative source of supply when
an out-of-stock is indicated by the local DBMS.

The preceding suggests that strategic planning and exception reporting constitute tvo
likely applications for a network data manager. Mareover, the nature of these applications
suggests that the additional overhead of supporting a network data manager is likely to
prove very acceptable in comparison with the burden of manually performing the
necessary translation processes in response to unpredictable and non-recurrent demands.

The remainder of -this paper provides a more detailed discussion of XNCM. To
provide context, section 2 establishes some comparisons between a network data
manager and a distributed database. Section 3 describes the user’'s view provided by
XNDM. Section " 4 disqusses translation technology required {0 support this view and
observes that it differs substantially from that currently discussed in the data transiation
literature. Section 5 describes the current XNDM implementation status and presents
" some concluding remarks. '

2. NETWORK DATA SUPPORT OPTIONS

A distributed DBMS (DDEMS) is usually viewed as one logical DBMS implemented across
several host computers.  Thus, excluding performance differences, there .is no
apparent difference to the user in accessing a DCBMS and accessing a DBMS resident on
a single host using the same data structures and data manipulation language.
Moareover, through redundancy, the DDBMS potentially permits increased reliability and
decreased access times to frequently used portions of the database. Redundancy dces
require ~care in ensuring consistency of multiple data copies and in synchronizing
updates [ROTHJ 77], [STONM 77]. :
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Using a DDBMS poses need for conversion of existing Ss. The current state
of database conversion suggests that non-trivial costs are associated with this process -
[NAVAS 76]. - Moreover, even if these costs were insignificant, the resulting
organizational disiocation in adapting to the new DDBMS is likely to be extensive.
Consequently, the DDBMS approach may prove infeasible given the envirocnment in which it
is to be implemented.

A network data manager is intended to provide an alternative to the DDBMS through
providing an easy means for simplifying network access to muitiple. heterogeneocus DBMSs.
The basic relationship between a network data manager and the individual DBMSs is
illustrated in Figure 2-1 in .the context of the NBS Experimental Network Data Manager
(XNDM). Thus, a process represented as a circle within one computer (PHOST) interacts in
a uniform way with multiple independent DBMSs located in one or more computer systems.

Our working hypothesis is that the network data manager approach is likely to prove
very acceptable in handling unpredictabie and non-recurrent requests. Moreover, given
the cost of database conversion, it is also likely to be the only feasible way of easily
adapting to the opportunities for sharing information which are provided by networking.
Thus, we are motivated to consider its design and development in greater detail.

3. THE NETWORK USER ENVIRONMENT

The two essential functions of a Network Data Manager are provision of a uniform user
environment across individual (heterogeneous) local DBMSs (LDBMSs), and translating
between this user environment and the LDBMSs. The remainder of this section structures
the basic components of the XNDM supported user environment while the following-
section addresses transtation technology. .

3.1 Data Model/Data Language Selection

Developing a data language and data model for XNDM can be approached either as a
problem of developing a 'best’ data model and data language and then considering the
issues in translating to existing data models and languages or through selecting one of the
existing data models and languages. The former is a problem of independent interest.
Requiring its solution as the prerequisite to analyzing network data managers seems
undsesirable. Instead, we have chosen to examine the existing aiternatives, select a
reasonable candidate, and piace primary emphasis on the data manager specific aspects
of the problem. This has expedited our consideration of the basic nature of the
problem. It will be interesting to see if future data model/data language research can
be easily accommodated as we expect or will, instead, require substantial revision.

Selection of a -data model for XNDM has been driven by three basic assumptions. The
first is that the network user is naive vis-a-vis the access requirements of local DBMSs. The
second is that the network user should be assisted to ensure that queries and updates are
meaningful. The third is that the local DBMS should be provided with relatively tight
guarantees that the network user will not be able to adversely affect its operations
through ignorance or intent. Note that the second and third assumptions are closely
interrelated. .

The first assumption motivates selection of a data model and data language minimizing the
knowledge and effort required to support access. That is, the data mocel should present
data in a way which is easy for the user to understand. Further, the Data Manipulation
Language (DML) should minimize procedural (extent to which the user must specify how
rather than what is to be retrieved or upcated) and navigational (need for explicitly
specifying interrelationships between data elements) requirements.

Approved For Release 2002/07/03 : CIA-RDP83M00171R000600070011-3




Approved For Release 2002/07/03 : CIA-RDP83M00171R000600070011-3

DBMS 1
PHOST

EXPERIMENTAL
NETWORK DATA
MANAGER

DBMS 2

DBMS 3

Figure 2-1. XNDM Interface between User Program
and Multiple Remote DBMSs
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the relational model is the simplest to understand. Accordmgly. we have chosen tables
as the basic mechanism for representing data. Although a properly chosen user schema
can result in an appropriately simple user viewpoint regardless of the particular global
schema employed, the static nature of such a schema conflicts with the random and
unpredicatable nature of arriving requests.

Meetmg the requirements of our second assumption is being accomplished through
provision of a semantic integrity system to ensure meaningful queries and updates as
discussed below. Moreover, an access control mechanism is also being implemented to
ensure that the network user is only permitted to access data appropriate to
his/her access rights. This is the basic tool for meeting the third requirement.

3.2 Global Schema Specification

Central to the specmcanon of an XNDM global schema is the balancing of the conflicting
requirements of the network users so as to provide a design that can satisfy the need of the
"community" of users - as opposed to the need of any individual user.

As discussed above, a basic XNDM assumption is that a uniform user environment is to
be superimposed on a highly heterogeneous collection of existing local DBMSs. This
requires: i) a common view of data to be presented to the network user, and ii) a means,
for mapping from this common view to the target systems. Note that this common view
need not contain all of the data in the local DBMSs. Rather, it will probably comprise
only that data thought to be of common interest. This, in turn, is likely to be a subset
of the data which local DBMS management is willing to make available to the network user.
Since both of these selection processes are judgmental, we assume that the selection of
data and its attributes is performed by a team (of database administrators?) responsxble
for the overall utilization of the network data manager.

Given this selection, and the resuiting structuring using the described data model, the
need arises for a suitable translation process. This transiation process proves to be
substantially different from that currently discussed in the data translation literature. It is
" discussed in some detail in the following section.

3.3 Experimental Network Data Language

The Experimental Network Data Language consists of three méjor components: ‘i)
Experimental Network Data Manipulation Language (XNDML), ii) Experimental Network
Data Control Language (XNDCL), and iii) Experimental Network Data Definition Language
(XNDDL).

Since the basic XNDM objective was exploring the feasibility of . providing a uniform
environment for the network user, we decided to adopt an existing DML and add any
extensions which proved necessary. After some consideration, we have chosen SEQUEL
[CHAMD 78] to provide the basic framework for XNDL since: i) it is a table based DML, and
ii) it has been subjected to human factors oriented investigations which have improved
the quality of its user interface [REISP 75].

Currently, the design of both the query and update portions of XNDML has been completed
and implementation of the query portion "is underway. Implementation of update
capabilities is being deferred pending completion of the design of XNDCL and XNDDL.
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ccntain the SEQUEL™ sorting facilities and certain  alternative ways of  stating -
predicates. Sorting was eliminated because it adds little to demonstrating the feasibility of
a network data manager and can be an expensive consumer of processing time on the
host containing the LDBMS. XNDML is invoked via subroutine CALLs. Thus it does not
have a host language interface corresponding to that provided by SEQUEL.

A major difference between XNDML and SEQUEL is the need to specify the target
database. Three major alternatives can be identified: explicit .specification, implicit
specification, and specification of location as a virtual attribute.

Tﬁe target cdatabase can bé explicitly specified by using the statement DATABASE IS
'DATABASENAME'. The effect of this statement is to make all subsequent XNDML
statements refer to this DATABASE until another target specification is encountered.

Implicit specification of the target database occurs when the user issues an XNDML
statement without any target database specification or, equivalently, the specification
DATABASE IS 'ALL'. In this case, a dictionary describing network accessible information
is accessed to identify those databases containing information about the entities and
relationships identified in the XNDML statement. The statement is then appiied against
each such database and the results aggregated. :

The third and most sophisticated specification is. through treatment of location as a

virtual attribute. This permits one to construct queries in which the predicate applies to

location as well as to entities and their attributes. Thus, assuming that the distance

between sites is known, ‘one can specify the site of the location to replenish an out- -
of-stock condition as a . function of conditions prevailing at each relevant location..
For instance, an out-of-stock replenishment rule might be to replenish in an amount

" inversely proportional to distance and directly proportional to stock on hand. Distance

proportionality can be used to lower shipping cost overhead while stock on hand

‘proportionality could be used to avoid unduly impacting a site with a low stock level,

1

TABLE 3-1. XNDML Query Cateqories.

C1 SELECT (columns)

C2 SELECT...WHERE (rows)
C3 PARTITION

C4 SET OPERATIONS

C5 AGGREGATION

C6 COMPCSITION

Approved For Release 2002/07/03 : CIA-RDP83M00171R000600070011-3




s

Approved F‘elease 2002/07/03 : CIA-RDP83M00‘QOOOGOOO70011-3
3.4 Semantic Integrity .

Semantic integrity is a significant issue in the context of an individual DBMS since it
provides a means of assuring that the database is a valid representation of the
application environment. Two major reports [MCLED 76] and [BRODM 78] have appeared
on this subject as well as a variety of papers. The general objective is ensuring that if
one starts with a valid DBMS configuration, subsequent updates will not impair this
validity. -

Semantic integrity promises to be of even greater importance in the context of a network
data manager since local DBMS management is likely to want strong assurances that
remote, and therefore presumably less knowledgeable users, will not affect DBMS integrity.
This problem varies somewhat from that for an individual DBMS since XNDM cannot
assure that the database is, initially, in a consistent state. Thus, the major concern is
that updates are semantically correct. A lesser concern is facilitating the correct structuring
of queries through supporting strong domain typing.

XNDM semantic integrity concerns also differ from the corresponding problem for an
individual DBMS because the network user's view of data is virtual. Thus, there is a
premium on performing all non-data dependent integrity checking before proceeding
with the data dependent checks. This may ultimately result in a partitioning of integrity
_ checking functions between 'XNDM and the LDBMS. In any event, the major issues
can be divided into two major categories: i) assurance of integrity at the network level,
and ii) assurance of integrity at the local DBMS level. ‘

Although- work on the XNOM Semantic Integrity System is in its preliminary stages
[FONGE 79), some initial observations can be made. Semantic integrity can be expressed
at the global schema level through the (virtual) tabular data model. Assuring integrity
within an individual table can be subdivided into assurance of attribute integrity, row
integrity, column integrity, and predicate integrity.

Assurance of semantic integrity is provided via two facilities: strong domain typing
and predicate-based assertions. Strong domain typing facilities of XNDM permit the user
to define: i) the tormat of the data, ii) the acceptable range of values, iii) the collection
of legal (arithmetic, lcgical and string) operations, and iv) the interrelationships among
data elements in terms of the coliection of legally acceptable operations.

Predicate-based assertions specify validity criteria which are to hold in the application
environment. The facility provided in XNDM - will permit: i) specification of rules for
consistency and correctness of data bases, i) the time at which the assertion is to be
enforced, and iii) the actions to be taken when the assertions are not satisfied.

Assuring predicate-based integrity for either an individual relation or for a collection of
relations can imply significant overhead depending on the amount of data involved
and the types of checks which must be performed.

"3.5 Access Controls

A second major support function required for acceptance of XNDM is provision of an
appropriate access control mechanism. Currently, many DBMSs provide access controls
via passwords on files [DATEC 77). This is clearly insufiicient for the level of
functionality intended to be provided by XNDM. The issue is whether-a significantly
better system can be implemented. This issue has been discussed in [WOQDH 79];
the following summary considerations are based on the discussion contained therein.
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non-discretionary access control mechanisms which support organizational constraints on
the sharing of information, and ii) discretionary access control mechanisms which permit
user directed controlled sharing of information.

Security levels and compartments constitute a major example of non-discretionary
access control mechanisms. Conceptually, a user is labelled with security level(s) ard
compartments, e.g. level is SECRET, compartment is NATO, and is entitled to access all
information having the same, or lower leveis, e.g. level is SECRET or CONFIDENTIAL,
compartment is NATO.

System-R provides an example of a sophisticated DBMS discretionary access control
mechanism [GRIFP 76]. Through its use, an individual user is permitted to grant a subset
of his/her access rights to another user. The supported functionality permits
'READing, |INSERTing, DELETEing, UPDATEing, and DROPing (of an entire table).
Moreover, a GRANT command permits one user to provide another user with the ability to
GRANT rights. These mechanisms are supported for both an entire table and for individual
“columns of a table. : ‘

XNDM provides both discretionary and non-discretionary access controls. Their
combined support requires a mechanism for checking that discretionary grants do not
coniflict with non-discretionary controls. This checking process has been implemented
using the lattice security model [DENND 76]. T

4. TRANSLATION TECHNOLOGY

This section: i) establishes the differences between data translation required to support
XNDM and that currently considered in the data translation literature, ii) discusses the two
major alternatives in implementing a translation capability, and iii) describes the translation
process which we have selected. Currently, transliation has only been implemented for
the query portion of XNDML which, for simplicity, we refer to as the Experimental
Network Query Language (XNQL). v ‘

4.1 The Nature of the Translation Process

Data transiation can be taxonomized in two.  different dimensions: i} online vs.
offline, and ii) constraints on source and target data structures. XNDM  translation
requirements differ from those usually discussed in the data translation literature since: i) it

_is a real-time, online process, and ii) it is dependent upon both source and target data
structures.

The requirement that the translation process be real-time and online forces a substantially
different transiation process than that usually considered in the context of database
translation [NAVAS 76). Specifically, the need for explicit consideration of physical
representations of data is eliminated while the need for an online and reaitime level of
functionality cannot be avoided. '

XNDM translation also differs from that usually associated with database front ends
and database terminals. (A database front end presents the user with data structures
differing from those actually employed by the DBMS being accessed and oiten based on
a ditferent data model. Thus, there is substantial interest in relational front ends to
DBTG DBMSs. For a front end, the data structures presentecd to the user are 'fixed’' and
' the data structures employed by the target DBMS are derived from the user presented
data structures. Database terminals, in contrast, provide the user with a constant data
model and DML across heterogeneous DBMSs. The target data structures are fixed and
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the data structures presented to the user are derwed from these target data structures
[(KLUGA 78].) .

In both of these cases only one set of data structures is fixed while the other is derived
from this fixed set. This allows substantial freedom in tailoring data structures to simplify
the transiation process. Such freedom is not available in constructing a network data
manager in which the data structures presented to the network user are fixed (recall that
they were chosen by a committeg) and the data structures of the target systems are also
fixed. ' ‘

4.2 XNDM Translation Alternatives

An XNQL statement specifies the sequence of operations to be performed on the underlying
information structures. It is a high-level language, and by its very nature, doces not
specify the step-by-step, system- -specific acticns needed tc evaluate the query by a given
target DB8MS. It is the function cf the translator to supply these details.

Since XNQU is a query language, the prrmmve information structures of the language are
aggregated, not simple, data. That is, the basic 'atoms’ of data expressed in an XNQL
statement are reiations rather than individual data elements. The translator interprets
these data objects in terms of the primitive data constructs provided by the particular
target DBMS and its data structuring rules.

Construction of the XNQL translator is further complicated by the fact that different target

systems support Gifferent primitive operations and data structures; therefore we need not a

single translator but a family of transiators. Two approaches to their realization can’
be identified: construction of a collection of source-target specific translators or,.
alternatively, construction of a single translator for the bulk of the transiaticn process

common to all transiators together with custom tailored front ends handling the source

specific portion of the translation process and custom tarlored back ends handling the -
target specific portion of the translation process. :

Construction of independent translators has the advantage that design unity and run-time.
efficiency is more achievable with a single translator for each target CBMS. However, an
entire transiator is needed to support each additional target, whereas in the family
approach ali the translators share a core cdesign which defines the common (source
and target-independent) part of the translator. Each new translator in the family is
obtained by building scurce and target-oriented specialities on top of the basic design.
Therefore the builk of the implementaticn effort is available across different target systems
and new developments need not start from scratch,

An important side-effect of the family approach is the insight it provides for DBMS
data manipufation and structuring facilities. That is, a simple, conerent design for a
translator family is impossible without abstracting the essential properties of target systems
and recognizing their commonalities and differences. Thus, we have chosen the
approach of designing a good general framework, i.e. a consistent, efficiently
implementable translator allowing effective use of target system facilities. The insights.
provided by this framework are augmented by those developed in preparing the mappings
to and from specific target systems.
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4.3 XNQL Transliation

The complex semantic manipulations required for translation are achieved by means of step-
by-step transformations of an appropriately chosen internal representation of the input
text. We have chosen a tree as the intermediaté representation because of the requirement
tor flexibility in handling a wide range of target DML's and data structures.

Each transformation takes us somewhat closer to the target query by either changing the
original form of the input text to uncover the underlying "basic structure” of the query tree
which characterizes the system-independent organization of queries, or reshaping the basic
tree to incorporate the surface structure of the target language. The value of this
transformational approach is that it reduces the overall transiator complexity and also
supports a simple, consistent, modular design [DEREF 76]. ,

The translation process is (vertically) segmented ihto five phases as illustrat.ed in Figure 4-
1. A more extensive discussion is contained in [WANGP 79].

Lexical and Syntactic Analysis

The tasks of the lexical and syntactic analysis modules are conventional [GRIED
€9]. They produce a source(XNOL)-specific syntax tree representation of the input
query. This tree contains all the information originally present in the source text- as
well as all the information that is inherent in the XNQL grammatical descripticn. The
source syntax tree is the first of a sequence of trees used in .the translator as
intermodular data structures. Each later mocule takes as input the tree produced by
the previous module and leaves a tree that is closer to the target query by
reshaping the tree, pruning source-specific information from the tree and/or
incorporating  target-specific information into the tree. The basic task facing the
translator writer is disentangling those aspects of the source and target queries
that reflect “essential" (language-indegendent) logical structures from  those that
characterize "incidental” (language-specific) representational details. '

| Standardization

Processing beyond the syntactic level can be made simpler if the source syntax tree
is transformed into a standard form where each WHERE clause is represented as a binary
tree of predicates connected by AND and CR nodes arranged in conjunctive normal form
[STONM 78].

Static Semantic Processing

Since each XNQL query interacts with a data space which is the Cartesian product of
several relations subject to the restriction of the WHERE clause, and frequently these
restrictions are such that the Cartesian prcduct becomes an equi-join (merging of two .
relations based on a common column), differences in source and target structures at
the record level imply different join conditions in the queries.

The static semantic level of the transiator does the processing needed to account for data
structure differences at and below the record level by first resolving data item name
differences and then the differences in the jains.

The "data item renaming" module traverses the source syntax tree from the top down,
replacing all leaf references to source(user) data items with corresponding references to
target data items and depositing their attribute information at these ncdes. The "record
structure mapping” mcdule then deletes all precicate nodes “representing  joins between
different source relations and inserts the appropriate join predicates for target records.
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Figure 4-1. The XNQL Translator as a Tree Transformer
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Dynamic Semantic Processing

The transformations happening at this level account for the differences in the logical
structures of the source and target query languages. Since the unit of data structure for
each target query may be smailer than for XNQL (e.g. each Codasyl DML statement can
only involve a single record (or set) type, whereas there is no limitation to the number of
different tuple types (relations) an XNCL statement can manipulate), we first decompose
the query tree into sub-trees, each of which involyes a single unit of data structure
that a target query can handle. The "sequence" module then chains the sub-trees
together.in the order that the corresponding queries should be sequenced for the target
DBMS and selects the execution sequence of these chains that minimizes the amount of
intermediate records neceded to be processed. :

Code Generation

This is the final phase of the translator and outputs the desired target DML statements
that can be executed by the local DBMSs. The first module interprets each of the sub-
- trees along the chains produced by the Sequencer and generates CALL statements to
primitive target database operatiors. The second (code generation) module then expands
these CALLs into sequences of actual target DML  statements.

- The exact form of the primitives depend upon the particular target system we are
considering. Their behavior characteristics fall. in general, into the following categories:
search' or return the first/next instance of a specified record type, test the truth value
of some predicate expression of the record type. partition all instances of a record
type on the basis of some data item values and evaluate aggregats functicns for the -
specified record type. (These correspond roughly to the informaticn aigebra operations .
[CODAS 62] of searching/returning the first/next point of a line, bundling, glumping and . .
evaluating functions of lines.)

This extra level of indirection before the actual code generation allows us to separate
out the representational details of the target DMLs and makes it pessible to have a standard
set of primitives for each general class of target systems, that s, Codasyl, relational
calculus and relational algebra systems.

- The decision to set the primitives at a fairly procedural level (namely, one record
instance at a time) was driven by the flexibility it provides for expressing a variety of
access strategies. This allows easy incorporation of optimization modules which
selects the “best" access paths for the input query based upon knowledce of how the
records are stored (keys, inversion indices. etc.). This is particularly important since the
value and usefulness of ANDM in a real environment depends critically upon its performance
and experiences with current relational DBMSs indicate that scme form of optimization is
- essential in bringing the performance to an acceptable level [SMITJ 75).

5. IMPLEMENTATION STATUS AND CONCLUDING REMARKS

This paper has described the design and ongoing implementation of a collection of
functions for providing a uniform network view of data across a hetercgeneous
collection of network accessible DBMSs. Our experience to date suggests that XNDM
is a realistic and pragmatic approach for achieving the advantages of networking given
a significant, in place, collection of DBMSs. '
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Perhaps the three key issues in ensuring user acceptance of a network data
manager are: i) access controls and semantic integrity, ii) developing more sophisticated
translation capabilities optimizing the ailocation of the translation process among NDM
and LDBMS, and iii) performance. We believe the basic issues and a reasonable
approach for (i) have been discussed in this paper. Developing a more sophisticated
translation capability is of obvious importance and closely relates to the periormance |
issue. Implementation of translators should bes paralleled with research directed toward
a better understanding of the nature of the transiation process. Some work is
beginning to appear in this area [KLUGA 78] establishing the theoretical limits of
translation feasibility. _

5.1 Implementation Status

XNDM translation is performed on a PDP-11/45 attached to the Arpanet as are the
other host computers. The operating system. for the PDP-11/45 is UN|X [THOMK 74]
and a the translator is programmed in C. To -provide a more uniform interface to the
translator, small support maoduies termed envelopes are implemented cn the system on.
which each LDBMS resides. Basic communications support between systems and the
ability to preserve meaning in transporting structured records between hetercgeneous
systems is provided by an Experimental Network Operating System (XNOS) [KIMBS
78]. ‘Work on the XNQCL translater is still in progress. The current version handles two
out of the six XNQL constructs (selections of columns and rows), for the following target
systems: the Muitics Relational Data Store (MRDS) [HONEY 77], a relationai cdlculus
system, and the Honeywell 600/8000 Integrated Oata Store (I0S) [HONEY 71}, a
Codasyl-like system. For MRDS, the translator can handle all target data structures in
general, but for IDS, target records with multiple owners and multiple memoers are
excluded. : '

5.2 Implementation App roach'

Two different approaches to implementing XNDM can be considered. The first distributes
the implementation across the supported host systems while the second, which we have
"adopted, offloads the implementation, to the extent possible, onto a separate satellite
computer.

The tradeoffs between these two approaches are essentially those of evaluating the
cost of supporting an additional computer versus the cost of implementing common
modules on several different systems. Given the opportunity for centralized design,
implementation and support afforded by offloading and the increasingly high cost of
software, we believe that offloading is the natural approach in an evolving technology
The alternative might oe appropriate for an extremely static environment.
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